Introduction
Protons at an energy of 15 GeV were made to collide head-on for the first time, on January 27, in the Intersecting Storage Rings (ISR) at CERN. This was the culmination of a five-year construction programme and a few hectic weeks of running-in tests. I shall try to give a short description of how it happened, and also give a summary of the results obtained. However, for the benefit of those of you who have not participated in earlier conferences of this kind, I shall start by repeating a short general description.
A general plan of the CERN Intersecting Storage Rings facility is shown in Fig. 1 . Two concentric rings of magnets, 300 m in diameter, are interlaced and somewhat distorted in order to intersect at eight locations where the beams cross each other at an angle of about 150. The protons are first accelerated in the CERN Proton Synchrotron (CPS) to the desired energy which can be from 10 to 28 GeV and may be different for each of the storage rings. They are ejected from the CPS into a transfer channel, containing many magnets for steering and focusing the beams and, at the fork, a switching magnet allows them to go either right or left into one or other of the rings.
To obtain sufficient intensity for colliding-beam experiments, it is planned to fill each of the rings with about 4 x 10114 protons, equivalent to a circulating current of 20 A. To attain this intensity, many successive pulses from the CPS are stacked in the storage rings and a radio-frequency system is needed to do this. A pulse from the CPS enters one of the storage rings at the inner side of its vacuum chamber, the RF system then accelerates it to an orbit near the outer side where it remains while the next pulse enters and is accelerated to a position very close to the previous one. At the present intensity levels of the CPS, about 400 pulses would be required to be stacked in each ring. This beam would then be about 7 cm wide and 1 cm high, with a momentum spread of about 2%. is a representative photo from inside the tunnel, with a crossing point and the pit below the beam. To the right on the picture, the transfer tunnel is also visible, where it joins the main tunnel.
The interaction regions are numbered consecutively in a clockwise direction, starting from the one nearest the CPS. Some of the characteristics of these regions are listed in Table II . The regions numbered 1 and 4 are enclosed by fairly large experimental halls where the beam height above the floor has been increased by means of pits built below the crossing points. The hall at region 4 also has an annex that can be used as a counting room and assembly area for experimental equipment. At region 1, where the width of the hall will accommodate experiments at large angles, considerable flexibility in arrangement is possible through surrounding the beams with demountable shielding. At regions 2 and 8, the tunnel's normal width of 15 m has been extended an extra 3 m on the inside and there are also pits below the beams. In all the early test runs, the momentum was 15 GeV/c and, for most of them, only a fraction of each CPS pulse was sent to the ISR. These conditions were imposed by a desire to have minimum interference with the CPS operation and its experimental programme.
In the first run, most of the beam-transfer system's magnets were set to optimal values found in the previous tests. Then, with its final magnets, the injection system and the main ISR magnets set to calculated values, the first pulse to enter Ring I circulated successfully, with more than 50% injection efficiency. Minor adjustments to the injection system quickly increased the efficiency to 100%. But, before these adjustments were made, the beam was allowed to circulate and it remained in the ring for over 20 minutes, when it was successfully dumped after a loss of only 20%.
Also during the first run, the RF system was turned on with calculated settings. In the second run, the closed orbit was measured, with no corrections to the magnet; peak deviations were, vertically ± 4 mm, and horizontally ± 10 mm, both well within tolerance. After some preliminary adjustments to the RF system, stacking with full injected CPS beam achieved a circulating beam in the ISR of 1.5 A, the maximum allowed without the emergency dumping system, as yet incomplete.
During the subsequent runs the positions of resonances in the aperture were determined by observing losses in a circulating beam as it was moved back and forth, radially, by small changes in the main magnetic field. Preliminary measurements on stacking efficiency gave an overall figure of 70%. With low-intensity beam from the CPS, the equivalent of 80 pulses (650 mA) was stacked.
Extensive studies of beam lifetime in these tests indicated a fairly strong dependence on intensity. Lowintensity beams showed losses of less than 0.1% per minute whereas losses of one or two orders of magnitude greater were observed with higher intensities.
When, on January 11, the test runs could be resumed, Ring I had undergone important improvements in two respects: the whole ring had been baked, and the average pressure had dropped to a few times 10-10 torr.
Further, the clearing electrodes were now operational.
The effect was spectacular. On January 11, when we first stacked beam to about 0.5 A, the loss rate was 2 x lo-3 min-1, which was already an improvement compared with two months earlier. However, when the clearing electrodes were switched on (± 3 kV) the loss rate became unmeasureably small (< 10-4 min-1). In later runs, we stacked to currents in the few ampere range. The left part of Fig. 4 shows a typical stacking. Again we found an intensity dependent loss rate, but still encouragingly low, typically l0-3 min1 at 2 A.
We discovered another phenomenon during the January runs: when the stack reached about 3 A, and without any apparent saturation in the stacking process, the stack intensity dropped by a considerable fraction (the right part of Fig. 4 ). If we continued to stack, the current increased again to the value before the first drop and then produced a second drop, and so on. This current limitation was named the "Brick Wall" (BW). Scintillator counters had been installed in two of the crossing regions to observe p-p collisions; the arrangement in crossing point 5 is shown in Fig. 5 . A coincidence Sl + s2 occurring at the same time as a coincidence in S3 + S4 would be registered as a possible colliding-beam event. With the conditions given above for this very first trial, a coincidence counting rate of about 1 s-l was registered and, with the very small loss rate of the two beams, the rate of accidental coincidences was a factor 20 smaller. There was no doubt that collisions between 15 GeV/c protons were being registered. In fact, the energy was a little higher than 15 GeV in the rings, and the equivalent accelerator energy was, therefore, very close to 500 GeV. The registered event rate corresponded, within a factor of 2, to rough estimates made beforehand.
Later the same day, rates up to 100 s-l were registered with considerably higher currents in the rings. More detailed results are reported in the next chapter. The main conclusion of the day was that the ISR can provide an effective facility for research at the highest centre-of-mass energies available anywhere in the world.
On February 17, the energy was raised for the first time to 22.4 GeV/c in both rings, and collisions were observed under good back-ground conditions. Again, in terms of equivalent accelerator energy, this would be about 1.1 TeV. In all the cases quoted, the average equivalent nitrogen pressure was -2 x 10-10 torr, and the clearing electrodes were on.
b) Current limitations
When we try to stack to high currents we often meet the phenomenon that in section 4 b) was called the Brick Wall and illustrated in Fig. 4 . A similar phenomenon occurs when we stack to a current near the BW value, without reaching it, and then try to move the stack a little inwards by reducing the magnetic field slightly. The losses seem to be associated with severe transverse oscillations. The BW has been found sensitive to the sextupole component in the machine. The highest current (4 A) was reached with an average pdQV/dp = 3.3 and pdQH/dp = 3.8. The From now until at least the middle of the year, studies on the machine will have first priority, particularly to investigate the observed intensity limitations, loss rates, and conditions affecting background. However, it is hoped that, later in the year, emphasis will shift to provide more time for the experimental progranme.
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